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f57> Abstract- An immersion exposure apparatus comprises a projection optical system (PL) for projecting an image of a r---- 
omo TSL £ ZaTuT, (Site sop^yTg a liquid (7) between an optica, device (4, a. the end of ^^"^^ 
J?L) and the substrate (W). An erosion-resistant film composed of an oxide is formed over the surface of the °P"«^^ W» " 
o trTen Trosion bv the liquid (7) Consequently, a desired performance of the projection opncal system can be secured for a long 
SET Z*Z in a strand-repeat system or a scanning exposure in a step-and-scan system ,s performed ,„ an 

immersion state. 
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<5 = k 2 • A/N A 2 - (2) 

Tfc*«> (1)3** (2) 5*«fc<K «MMCRM«>*fc»^ «3W»«A*«< U 

©jhwcsmm. 2-1. e*ug) c**^fc*««LT»*«ftia±r*fc* 

hi*?******. «8H**Xyyr • 7> K • ***>*3*;©8:&Bak 
Kj * -fr T t * 5 M <& SHB^* t *? x/\ ©M I^W** >H£ l T 8 < &W #fc * o *fc 
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H®©fiSmfci&B.8 



El 1 lis ««Ciasltft«BB«3«6«©««ttWia^**« 

DDI P L 4 (DftUtt 4 A t X *M<D»U > X 

■ 3 fcU ■ 1 P L CD**** 4 ©*» 4 A Y »6«W)« 

LA©T*». «rtW«ft««5. »tf«»BliM«6Wv-riEIIIB-C**. 

■ 6 1* . m 5 ®ttB*9* P L A ©*3*** 3 2 a*** 3 2 A t X *ftAO» 
thy Xi^m^ x;ufc©toMMK**"*"Brc**o 

El 7 I*. H 5 OHW^ft P L A ©**** 3 2 ©*«P 3 2AkY^6* 

9 3nm) u:*l**Ki#fc>JWfc©^*^ fcB,T **- 
01 Oli. 0 5©^©. A r Fx^ 
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outs mzm^rtstWTZtiK *%witzti\zm^titz^o 

iz. ^mmx^m? 1 o 5<DHf®«^t^^-ro o si*, (c a f 

2 ) »*1 0 1 ±13. SiO 2 ii102.A1 2 O 3 Ji10 3»IfS i 0 2 «1 0 4*< 

Omm-CfcSo SiO 2 «102. A 1 2 0 3 Ji1 0 3&tfS i0 2 S1 0 4©^ 

IStt^HA (0iJ;L«s A=1 9 3 nm) IZMLTO. 3 7 
A. 0. 0 5AM0. 3 7 Ah3&5.ckai^fiSc^tiTL>5.o ^JSlix 

S i Ojji&tfAl 2 0 3 JB#«JI2ftTUfcu£5gf*x 

£>&A1 9 3 nm©A r Fi*y7l/-VM!S»l'C, aflStUfco 
»6*ifee**i39»tf1 OKI^-To fcfc, Slt%l45tM^ltt2!5-r*S«^fcPfll 
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[W««14©l?fiffi] 

aS©atM£#3 0 00ARMST£>i>£:. 3feO>iiftSL*<#> < SS£-f%fc#>v ^ 

*^|^d7 l 6^3!l ; f : Aa)±IH^7KI-}lt-|iICD^®J|ifi^{i1 1 ARM ST 
feofco ZOD^^AOD^Kl^L^CDSS^i^ttl 4ARMSTifeofco Vt 
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Lfetf. Si 0 2 0. 5 5 A) . A 1 2 0 ,«®4LMI*KA Lfe«* 

acR«tt±tt«*w*r*fct^«A*&- 5 0 A~2 0 0 0 AtfM£ LUo 

ti6Cft*T**tM*3ti6fc»CYF,. MgF 2 , LaF,«©7»ft»lt» 
tl"Z:£>£>o 

19 3nmffl*^*J:0ft*i*ftU^ u**JURK:lM*&nfc/<*- 

U***R©'<*->I** W* (XI«xmW«IZMI) 
h .j y ^ftW3^PL*^UTWf*B>JW«W C^I*««.»1/4. 1/5 

■«*IL4:LTI*. KrFi^7U-if* (*«2 4 8nm) . F 2 U-+f* 
(tt*1 5 7nm) ***5>r<Di * <«*3 6 5 nm) ^ffiU^U. 
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™i*l"t?BI1 ©«ttBl3Stt&*lRl*Yiaii:U, B1 ©fSBCTfTlzXtti:-*-*,, 
liX^rSJs Yaffils @fe^lRjlIU^^-IUR^^»-ri»*i«*^l*5i^*lT^5o b 

(Z#fq]©<iL«) St/^g^«:*Jmi-rSZ^-7 t -v9±IZllS:$tvT^i>o ZXt 

0±lZ:g|^£*U XY^f-v1 0li^-^1 1 ±l3«!tS$tiTUi>o Z 
77-y9lt "j7XM WO "7 (Z^foI(7>{iLa) v Xlfltl^^faJ® U 

¥3RP X Y7t-v1 Oli^XAWCDX^fR). StfY^fS] 

30>I+>I>J^mi3Sc5t\T^$iJ^1 4fr6*:t/\*7 i -$;ffitt*1 5 lZ$«f*B# 

< t s feU^^^R©/t^->^$:^xy\W±II|E^LT^i.PB^s <t7^/\W(D*® 
P L (7>5fe3ffi® (TIB) fc©Wl::flJfJ£a>J&<*7 £>Hfc IT33< 0 
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|-^«^4Jb«iii-rSJ:-5tS»*^Tt^* (BI4, 5M!) e ZCDJ^I^fi 
ZftKlJ^T* ^KJ;0«:5««3<DJRft«te±LT^So »f*7tLTs 

;^2 0 0 nmgj£©ttte3fclw»-rStt7R (*) ©JSiff* n lilSIS 1 . 
4 7-1. 4 4HJghW3b*lTfc»9. A r F x*5> "7 U-i«fca>iM 1 9 3 nml*. 
Vjlj\\N±-CI*1 /n. EP^**J1 3 1-1 3 4 n miti:Mb$ *iT*S^8?# 
jft*<f»&*i2»o ^ggJSEIiSft^l-lt^T^nfg. IPt>tt1 • 4 7-1 . 4 

5 13 ct o t „ wf3ea>#tti ; xivm it ft lt iy \ w±i^sij«wap* ftfc 

ajyX;U2 1 a. RV5fe«rt»A<l£<*'3fc2o<DaEX>'X;U2 3a : 2 3b (02 
Ml) tflBSStiTUSo mm;X)\>2 1 al*iWMI2 1 UTi*fttHM« 5 
i:jt«« tu 9EX ✓ X JU 2 3 a , 2 3b liBOT 23t^ LTfcttlSJRMI 6 C» 
«**iTl*S 0 Ml-. ±IB.1**<»dWXJU2 1 a»lTS£X>'X;U2 3a, 2 3b 
fc#^*^4<D$fc*tt©+ibl;:ttUTI&1 8 0° EJfe Lfc&SlUffe© 1 
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j x)iRum.xy x;k mmz^m^A cd^ssSp^ y *mz&iu£ r> izm^ ti 

$tSSP4A4X^«t; 2*t<Dj#a^ XJU&tfifcA^ XJU £<D<iS!I^S:^ L,7c 
ETfeSo U2l333t>T. $tMJ4A(D+X^(p]«'Jl^tii^X;U2 1 atf. -X/5" 
fS]<iJl^A/X;U2 3a, 2 3 b*^ti^tHBS^tiTU?»o 3&AyX;U2 

3 a , 2 3 bitftmmA xmz*fttemzttLTmmz^tc.m-c 

ia£<jF*iTlM>o lMrom/X;U2 1 a^«A^XJU2 3a, 2 3b 

£$tii^P4 A0>4"DI3^UTBS1 80° SIS L £<£ST v 1 »0>SMii -> X 

JU2 2 aJkTftiLXS XJU2 4 a, 2 4 bffE«**iTH*o mm;X)\>22 al*#* 
tt«2 2*^LT*»«lft«m5t*|jl**i. ^A>XJU2 4a, 2 4 blilsJUX^ 

El 3 lis El 1 CDBa&^fcP L<JMte5*JR^4 0>ft*lttM At. ^CD^iffiSC 

4 A& Y^fqllZ&C 2 X-lUSlF/TuX^ XJUhO&S&fK^fc^-To El 3 13 
feUTs 5fe«W4 A(D+Y*rtl«C»ai-'X^2 7 a*V - Y^««I-«X/ X^U 
2 9 a, 2 9 b3U«**l*n»l**iTL^o ^^^2 7 al*(Wft«2 7*^L 
T«<ttWtfMt 5 III. StX^ XJU2 9 a, 2 9 b»BW*»2 9**LT*f«M« 
«6l^*i*ti«l«**fC^*. mcD^di/XJU2 7aS«A/XJU2 
9a, 2 9b4Jta»4A©4"l>l:WlTI|1 8 0° EHEUfcttW- 1 

y XJU2 8 aSlfii5A; XJU3 0 a, 3 0 bffBBItStiTUSo l#dWX;U2 8 a 
ltt^2Bt^LTW«MM«5i:, )T.A/XJU3 0a, 3 0blilaWX«3 0 

1, 2 2, 2 7, 2 80)iJ>^<«h i fe-o^Lr^#^4<Z)5 1 cSffiaJ4Ah^^y\ 
WfcOMtiMrtlWitifc*****^- fcWMttettEMH^S. 24, 2 

2*1;:* ^7cD«^>^U f lElTO>*l-^^"ClJlB^-r5o 
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«tt***MHIttx 5 14. 1 x RUWajy X;U2 1 a^L 

T^f^4©?n3g5SJ4 A t CnAWfc(DIHIi»f*7 fe^-TSo ^LT. ftgttls] 
]&&1i6(4. ls]iR@2 3&lf9EX^XJb2 3 a, 2 3 b*^LT^iAW±fr6» 
&7£[HWX-r2>o 3CDi:#s 35#7 I4£xmW±£^EP 2 5 BcD^FS] (-X^ffi]) 

2^m^T-^-r^EP2 6 AOD^lS] ( + X^[«]) lH^XMWfcX-T^y^ft 
*#*WWll4s 5 (4fttt* 2 2 N Mffly XJU 2 2 a £<£ffl Itife 

f 2 4J2Llf%l\/X)l2 4 a, 2 4b^fflL«7?:l2liRno :©t$v i« 
#7(4'i>x/\W±£^EP2 6 BO):*!*] (+X^Ir]) iZl^Tfc D . ^XAWh^ 
#^4fc©BBIwl4»i*7^36Lfe«JBT)l»fe**».TU*o 3(D«J;5I3. *H^$ 
«80)ja!»B3teWCI4x X^faKSlMZJSfeU/c 2 XJUtSfcA^ XJUi: 

fctttf-Cl^fcto* ^XMW^r+X^Ink X(4-X*lR|(Z5l^-r*l(D^|Rll3»ifc^-4 

-C#5o ^7l4^m^S5(3«t;0Fif^CD>^lx:lill^^TUi>7i«)x 

ISH-r5S*a^t)-B:mfi3?©i£T*R5<-JIi:^T#5>e f^oTx EGA (x>/\> 
X h • ^D-MJU • 7^ * > h) ^xtCDT ^ -T > hCDctolZx 77^^>hfr 

J&S3fc£«Tl4s ^x/NW*^»^#S^hl^D^lv:^7*^tirLN2,^tox 
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£ 3 fc < IsJiR-T 5 C i: #T f 1> o 

$ 7c x £xn W £ Y IjfalZXT v zm&)£ ■£ 5. HHUtt Y ^-Ifi]^ b >$fr 7 ©l&teX 
t^IillR^^ao E]3i;:fc^T^re7F-r£EP3 1 ACD^fp] (-Y^IrJ) iz:^ 

afe7>LT»f*?fettl&L, jft^EWX^a 6 (*isIiR«2 9^311X^X^2 9 a, 2 
9 b^ffiLT^ODEiR^^T&Oo 3*tll«k»3. »W43fe^*^4 (D%m^A A 
©lttT©a^«*(Lht$cEP 3 1 BCD^FrJ (-Y^-IpJ) tattiSo £fcs ^A4 2 
jfe«M*TOr$5EP 3 3 AOD^Ip] ( + Y^"Fr]) 137.^^ ^Ib^-tt SPf.l'li. 
2 8, j#dS/XJU2 8 a. EUR* 3 OXlfStX^ X^ 3 0 a, 3 Ob^fitT^ 

£$SEP3 3 BO^-IpJ (+Y#[rJ) l^ft^e efcoTv -^/\W£ X^ftdlfKrr* 

^xAWfc+Y^lSk xii-Y^isjro^-rti^iBjii^ib-r?.^ 

TfcoTfc. ^XAWt^^4©^»4 Ah(DF B ^l^^7^^U7c^-e 

fcfcx X3frfSk XI±Y^^6»^f*7flD«t&XtfI3iR^ff-5^X;U7clt-U^<. 
ffi) I i £4 # CD *-[r) t> 7 ©#t ft & If Is! 1R £ fT a 7c <fc CD y XJU«:ttl*T*i«fct*o 

^7CD^4X0 r lHliCc*CD$iJ^^I-OUTlftBj-r5 >0 H4li N 
LflMte^JR^ fc«^xy\Wfc(DM^(D»tt:(D«*&»tflHliR(7>*Sff- : fe^"ro HI 
4H.fc^Ts -i?o:AWI^EP2 5 ACD^Ip] (-X^fqJ) I3.f£fi UTfc 0 , mihS X 
JU2 1 a«fc»?0tt§S3llfc»f*7tes *EP2 5 BcD^fo] (-X^lSl) IZjfctu SSA^ 
XJU2 3 a, 2 3 bi:i 0iaiR**iSo ^*^4 t»x/\Wt©IBlZ«rs» 
f*7cDg£^XAWCD^ii*Tfc— ^II^OTctox *HJS^T3li>S^7CD«4&* 
V i (mVs) iilslilXSVo (m 3 /s) h£^L < Us £7c. ^7cD«$&i 
Vis SZ/MfiVo^X Y7f-> 1 0 (>i7X/\W) CDf$KiSSvl3ib0'J1-i)«i: 
ai:WLfe. BP*. 4!i^7CD#t^gVi^U f lsliCcaVo$:s UT 
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V i =Vo = D • v • d - (3) 

ZZH, @1i:ftJ:ol^ DI*3fe**^4(D$fett3&a>ltg (m) . vtiXYT. 
f-vl 0<Z)«lit3j£ (m/s) . dli^^^PL(D^»S§^ (9-*>*' • 
f-f7^>^N }£^^^4©ilT®££xnW3l!5<t©5£Si) (m) T:fc5>o XY 

D&tfdli^&iftJfSIIM 4I^A* (IBIS) £*iTU5*:to. (3) mzm 
o-^T>$#7©#«&£Vi x *OTMR«Vo*IBW*Shl^O. Dfl4(D3te** 

# e> s fmnpi d m v $ & # % fc •> x. > \ w (Dmm twt&a&- 4 1 z&mt 

12151*. *Sa^»©^«**«0>JW*^*PLA©T». 5. 
©•T*©***^ 214. ««P3 2 Attm*i:M«»*l*t*^Y 
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w#+x#iq] (xii-x^ifii) izm&p ■ v (pitik&tem) rim?**, ^u, 

*H^Ssl^fct^T s fcx ^^CDJiiffit^oT. ^S^4»li^^3 

eiZ3$^-C, ^m^3 2(D9Zm®3 2 AtDj&ttli Y^|a]lz:$ffl^L>>§7Blz:«:oTfc 
0. ^mPLAffi3t^3 2CD$ l cMS3 2 AfcX^ftlZl&fccfca ld+ X* 
fS]ffiiJI3 3fi(D^iliy X)l>2 1a~2 1 ctfBE«£*U - X^fiJIz: im<D m\S X 
;U2 3a, 2 3 b tfffiSStlTUSo 

^LT. mthSX)l,2 U-2 1 cli#m@2 1 £^ LT^^^g 5 iz&m 
£*U SKX^X;^2 3a, 2 3 blilsWX«2 3 LT^1h]i|X^S 6 
TU2,o ^fcs *#iii^X;U2 1 a~2 1 c i:>JSEAy X)l 2 3 a, 2 3 bt£$fcSSS!J 
3 2 A04"^I3^LTIS1 8 0° UfctiMWHx mih;X)V2 2 a~2 2 c*t3K 
A^XJU2 4a, 2 4 b h£ffi«L-CU3o &&JX)\,2 1 a~2 1 chaStA^X 
;U2 4 a, 2 4 btliY^[Rllz:^Sl3.iB9U**ix J#iiJ/X;U2 2 a~2 2 c hSSA 
;X^23a, 2 3 btliY7^tR)I^SI3iB^J^4xTlx5)o ^i±i^X;U2 2 a— 2 
2 c li#t*&© 2 2^ LTJ»*ttte«II 5 leftffid *U SEX / X;U 2 4 a , 2 4b 
(±lsJiR*2 4 4^LT»f*lHWX(K«6l^«**iT-t^o 

Tt^tf 2 1 x J#i±J/XJU2 1 a~2 1 c x IsJi|X@ 2 3 x JStXfUt 

A/X;U23a, 23b &{£fl§ LT^f^ttttS 5 RtfftftfsMXSS 6 £ «k ot|« 
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»*-B:T3t«B3t*fTa»*^tts ttttf2 2, XJU 2 2 a-2 2 EJiR 

W2 4, S.U f >3StA/X;U2 4 a, 2 4 bttt«UT*#7(Dfl«ft»Zfl§|iR*fft^ 
3fe^5d^-3 2i:'!7x;\Wi:flDlH*atfc-rJ;«5l3+X^[q|IC»f*:7*SiE-ro ^aS^^J 
l^l5i:T^7^}'3Sr^lS]%^ , 3^^5)C:t(3J;«9. +X^|o]v XI4-XMGH* 
T'tlCD^fBllI^XAW^^S-ri.^lI'fe. &W^3 2©$fe^SP3 2 Afi?x/\ 
Wh(DP B ^^7I^«kO>i^-rz:i:^T$i>c Ztil^O. «5l*»PfcJKRtfl£L*M 

Sfes ja#7©«tS*V i (mVs) StfEWXiVo (m 3 /s) 14. &T<D 
Vi=Vo = DSY • v • d — (4) 

Z IT, D S YI4^i^3 20>$fc^3 2 A<DX^ftCDj|£ (m) T£>£o 3 

l\T 2 *t© -/ X;UTJ«# 7 ©flttSXttEMRfefT-S J: 5 K LT £ «k t \<, &fc . 
3<D3^g-IZ:ii> +X^IrJ. Xli-X^©lN^CD^^t> i fe^7(7)#t^tJ f !Hl 

Y^lRj^&»f*7<DtttS»U c lH|iR«:fi 1 -5o 
HI 7 14, &f*7fc^ P L A toX&m* 3 2 (D» 3 2 A £ Y # FSjfflO^iU J X 
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m^titzWihy X)127 a. J5lV%LX; 7i)l 2 9 a , 2 9 b ^ttffl LT»<*7 <D#* 

rfi]l-K^J^tLf^£ii^X^2 8 a. XJU 3 0 a , 3 0b^ffiLm 

7©ttt&»U c l2|iR«fTao ift#7<3Dtt»S»Vi (m 1 /8)aifS«lVo 

(mVs) fciu UTC^D^tSo 
Vi=Vo = DSX v d — (5) 

D SXI***»3 20)^^3 2 AflDY^jRjtBJUF (m) Tfc&o » 
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MiBn^->©0$St5l3^-r?>^f^^ii ; 

mzteteft^ammw^izmEzntzK^m^t 
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1 2 . tulES7fel^ue>^53t*<. A r F U— tf^TfcSW^H 1 1 CUBtftDB 
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Fig. 1 
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Fig. 2 




Fig. 3 
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Fig. 5 
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